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EXAMINER'S ANSWER 



This is in response to the appeal brief filed 18 November 2005 appealing from the Office 
action mailed 18 May 2004. 
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(2) Related Appeals and Interferences 

The examiner is not aware of any related appeals, interferences, or judicial 
proceedings which will directly affect or be directly affected by or have a bearing on the 
Board's decision in the pending appeal. 

(3) Status of Claims 

The statement of the status of claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection 
contained in the brief is correct. 

(5) Summary of Claimed Subject Matter 

The summary of claimed subject matter contained in the brief is correct. 

(6) Grounds of Rejection to be Reviewed on Appeal 
WITHDRAWN REJECTIONS 

The following grounds of rejection are not presented for review on appeal 
because the examiner has withdrawn them. 

• The rejection of claims 1-10, 12 and 13 under 35 USC 112, first 
paragraph, as lacking enablement for use of the phrase "dispersion bath" 
is hereby withdrawn. 

• The rejection of claims 1-10, 12 and 13 under 35 USC 112, first 
paragraph, as failing to comply with the written description and 
enablement requirements in regards to the use of the limitations "at least 
intermittently" is hereby withdrawn. 
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• The rejection of claim 1 under 35 USC 112, second paragraph, as being 
indefinite for the use of the phrase "contacting process". 
The remaining grounds of rejection will be maintained. 

(7) Claims Appendix 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(8) Evidence Relied Upon 

No evidence is relied upon by the examiner in the rejection of the claims under 
appeal. 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

2. Claim 13 is rejected under 35 U.S.C. 102(b) as being clearly anticipated by 
Baburek. Baburek discloses a shielding element having a boron carbide content of 50 
wt. % in the nickel matrix (pg. 9, II. 1-5). If the product in the product-by-process claim 
is the same as or obvious from a product of the prior art, the claim is unpatentable even 
though the prior product was made by a different process." In re Thorpe, 777 F.2d 695, 
698, 227 USPQ 964, 966 (Fed. Cir. 1985). In Example 1, Baburek discloses a process 
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in which nickel coated boron carbide is deposited onto a stainless steel tubular. The 
coating is described as being homogeneous (pg. 11, lines 1-4). 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-10 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

EPO Publication EP 55679 issued to Baburek in view of U.S. Patent No. 4238299 

issued to Wang. Baburek discloses a boron-nickel shielding element. However, 

Baburek does not disclose a dispersion bath and a relative movement between the bath 

and a surface to be coated as claimed by the applicant. Wang discloses a dispersion 

bath manufacturing process for nuclear radiation shields including a relative movement 

provided at least intermittently between the bath and surface to be coated (col. 4, II. 12- 

68 and col. 5, II. 4-32). It would have been obvious to one having ordinary skill in the art 

to manufacture the boron-nickel shielding element of Baburek using the process 

disclosed by Wang. The suggestion/motivation for doing so would have been to 

achieve an even distribution of boron particles. 

4. With respect to claim 1 , Baburek discloses a shielding element as described 
above. Wang discloses a process comprising: providing a basic material forming a 
shielding element (col. 3, II. 11-12); providing a dispersion bath whereby a dispersion of 
the dispersion bath comprises nickel and boron and/or compounds of boron (col. 3, 11. 
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15-22); contacting the shielding element at least partly with the dispersion in the 
dispersion bath thereby providing a coating wherein boron and/or compounds of boron 
are embedded in a nickel matrix on the contacted surface of the shielding element (col. 
3, II. 19-22); and, providing at least intermittently a relative movement between the 
surface to be coated and the dispersion bath during the contacting process (see coL 3, 
II. 42-50 in which Wang clearly discloses: "A preferred technique is to add a little boron 
carbide at a time, for example, by adding 10% of the total weight of boron carbide 
stirring slowly for one minute and then stopping stirring to allow the particles to settle for 
just over an hour, (e.g. 80 minutes) between carbide additions. The plating current may 
remain on or off for the brief interval coinciding with each subsequent addition of boron 
carbide particles and agitation of the electrolyte." Because the plating currents remain 
on during introduction of the boron particles, there will necessarily be a settling of some 
of the particles during the stirring process. 

5. With respect to claim 2, see Wang, col. 4, II. 48-59. 

6. With respect to claim 3, see Wang, col. 4, II. 12-17 and Figs. 1, 6 and 7. 

7. With respect to claim 4, see Wang, col. 3, II. 19-22 and col. 4, II. 45-46, 

8. With respect to claim 5, one having ordinary skill in the art would find it obvious to 
remove the carbon element from the boron carbon compound. Removing the carbon 
element would eliminate the abrasive properties of the boron carbon compound but 
would physically allow more boron to be embedded in another metal as a result of the 
increase in molecular spacing. 
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9. With respect to claim 6, Baburek discloses a method for coating a shielding 
element with a bororn-nickel layer using a plasma torch (Abst.). 

10. With respect to claim 7, Wang discloses electrolytic boron carbide deposition 
(Abst.). 

1 1 . With respect to claim 8, the thickness of the coating is controlled by the quantity 
of coating material used and. therefore, involves only routine skill in the art. One of 
ordinary skill in the art using the process of Wang to manufacture the shielding of 
Baburek would find it obvious to provide a sufficient quantity of coating material to 
achieve the properties of a shielding element having the claimed thickness. 

12. With respect to claims 9 and 10 Baburek discloses a boron carbide content of 50 
wt. %(pg. 9, 11.1-5). 

13. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Wang 
and Baburek in view of Wang as applied to claims 1-10 above, and further in view of 
U.S. 3616279 issued to Kendall. Wang and Baburek are described above with the 
exception of the subject matter of claim 12, namely a process that takes place in a glass 
tub. Kendall discloses a titanium coating electrolytic process carried out in a glass 
container (col. 3, II. 53-55). At the time of the invention, one of ordinary skill in the art 
would have found it obvious to provide Wang and Baburek with the glass container of 
Kendall. The suggestion/motivation for doing so would have been to allow an operator 
to observe the process. 
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(10) Response to Argument 

14. The Examiner disagrees with the arguments set forth by the applicant regarding 
the rejection of claim 13 under 35 USC 102(b). Claim 13 is not patentable over 
Baburek. As an initial matter, the Examiner will point out that page 9 of applicant's 
argument appears to be missing.^ However, based on the present appeal brief and 
previous submissions, the applicant suggests Baburek's coating comprises a "two-layer 
structure in which one layer is a layer of boron carbide particles in a nickel binder and a 
second layer is a nickel layer." The multiple layer configuration the Applicant is referring 
to is disclosed as a second example experiment, of which three were performed. 

The Applicant appears to have conveniently ignored the first experiment (translation, 
pgs. 6-12), which appears to be on point. In the first experiment, Baburek discloses a 
process in which a tubular stainless steel jacket is coated with powder comprising 
nickel-coated boron particles using a plasma torch (translation, pg, 7, lines 5-7). The 
weight of the boron carbide in relation to the weight of the nickel is 20 to 50% 
(translation, pg. 8, lines 8-11). The boron grains are not heated to a temperature high 
enough to produce oxidation, therefore, the boron grains remain coated by the nickel 
and the resulting boron/nickel deposited onto the stainless steel substrate is 
homogeneous (translation, pg. 9, line 16 to pg. 10, line 2; pg. 11, lines 1-4). Hence, 
Baburek's homogeneous nickel/boron carbide coating anticipated the Applicant's 
coating made by the method as claimed in claim 13. 



^ In fact, pages 3, 7 and 9 are missing. The fax header shows the pages are numbered consecutively so 
the omission of the pages are due to applicant error. 



Application/Control Number: 09/446,623 Page 8 

Art Unit: 3641 

15. With respect to the rejection of claims 1-10, 12 and 13 under 35 USC 103(a) as 
being obvious over Wang in view of Baburek, the Applicant first argues, "Because there 
is no dispersion of particles, there can be no movement relative to a dispersion during 
the contacting process." The Examiner disagrees with this conclusion.^ Contrary to 
applicant's arguments, Figure 1 clearly shows particles 26 being dispersed by stirrers 

16. Figure 2A is even clearer in that is shows a uniform suspension phase with the 
boron particles clearly dispersed throughout the solution. At this stage the stirrers are 
still turning (col. 3, lines 28-31). Even if one were to interpret applicant's claims as 
requiring a relative motion when the boron actually contacts the substrate, figure 2A 
makes it clear that boron particles at the bottom of the suspension will contact the 
substrate before the stirrers are turned off. Also, even if the stirrers were turned off, 
fluid dynamics dictate that there be continuous motion between the bath and the 
substrate. 

Figure 7 illustrates an embodiment in which a drum is filled with a plurality of 
substrates to be coated by boron particles placed within a dispersion bath. The boron 
particles are introduced into the bath and distributed by rotating the drum. The 
introduction of boron particles into the bath combined with the rotational forces of the 
drum would necessarily create a dispersion of particles that are forced toward the outer 
diameter of the drum by centrifugal forces. 



As an initial matter, the Examiner points out that applicant's "contacting process" is interpreted as the 
entire coating process from start to finish and not necessarily defined by the actual contact of the boron 
with the substrate. 
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(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the 
Related Appeals and Interferences section of this examiner's answer. 

For the above reasons, it is believed that the rejections should be sustained. 
Respectfully submitted, 
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@ Boitier pour ie stodtage sous eau d'assemblages combustibles Irradies et precede de reafisation d'un tel boftier. 

Llrtvention conceme un boitier pour te stockage sous 
eau d'assemblages combustibles. 

II comporte une enveloppe m6tallique paratl6l§pip6- 
dique revStue exb^eurement d'une matidre absorbam les 
neutrons. L'^pai^eur de t'enveloppe m^tallique est 
comprise entre I^S^et 2JS mm et fdpaisseur du revMement 
est au plus 6gale d 2 mm. La masse de cartnjre de bore par 
cm2 de surface du boitier est sup6rfeure h 0,146 g. Le 
revfitement peut fitre obtenu par projecdon au chalumeau- 
plasma de grains de cart>ure de tx>re enttferement enrobe 
dans du nickel ou par d^pfit gravhaire de carbure de bore fix6 
sur le boitier par ddp&t ^lectrolytique ou chimique de nickel. 

LMnventlon s'applique au stockage d'assemblages 
combustibles en piscine du combustible. 
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"Bottler pour le stockage sous eau d' assemblages combustibles 
Irradies et procede de realisation d'un tel boitler" 



L* invention conceme un boitler pour le stockage sous eau d' assembla- 
ges ccsoibustlbles Irradies et un procede de realisation d*un tel boitler. 

• Dans le dooialne de 1* exploitation des reacteurs nucleaires« en par- 
ticulier les reacteurs nuclealres k eau^ 11 est necessaire de stocker ou 
de transporter des materlaux radlo-actlf s, tels que des assemblages combus- 
tibles Irradies sortant du coeur du reacteur et pour am£llorer les condi- 
tions de stockage ou de transport de ces materlaux> 11 est necessaire de dis- 
poser de boitiers dont les parois absorbent les neutrons emls par ces matie- 
res« 

En particulier 11 est soubaltable de disposer de boitiers de stockage 
des assemblages combustibles irradies dans la piscine du combustible, com- 
nortant des parois en un materiau ayant une bonne capacity d' absorption des 
neutronsj pour limlter la radlo-actlvite dans la piscine du combustible et 
a son voislnage* 

Dans le cas des reacteurs nuclealres a eau^ ces boitiers sont genera-* 
lement constltuds par une enveloppe paralleleplpedique en acler inxoydable 
h section carree de dimensions suffisantes pour recevoir un assemblage com- 
bustlble, ouverte a I'une de ses extremltSs et revetue exterieurement par 
une matlere absorbant les neutrons. 

Dans la piscine du combustible^ ces boitiers reposent par leurhase 
Infericure sur des supports communs a un enspmble de boitiers ou lis sont 
disposes c6te a cSte de faqon que les assemblages combustibles puissent 
etre stockes sous eau, verticalement, a I'interleur de la piscine du comb\is- 
tlble, 

Les asseoiblages combustibles ^ section carree jitilises dans les reac- 
teurs nuclealres ont une hauteur tres Importante par rapport ^ leurs dimen- 
sions transversales, si bien que les boitiers de stockage des assanblages 
ont 'euxHmemes une forme tres allongSe* 

kl est necessaire de maintienir entre les bottlers constituant un rate- 
lier ou rack de stockage, un espace suffisant pour assurer un contact ther- 
mique adequat entre l»eau de la piscine du reacteur et le boitier et pour 
assurer un effet moderateur suffisant. Pour assurer qu»une lasne d'eau suff i- 
sante existe entre les faces des boitiers, il faut que ceux-ci presentent 
des dimensions et une geometrie parfaitanent contr61£es. On pr£voit done ge- 
5 neralement des boitiers d«nne grande rigldite peimettant d» assurer une tenue 
mecanique suf f isante et un maintien des ecarts entre les faces des boitiers 
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k I*int£rleur du rack de stockage. L*enveloppe metal lique de ces bol tiers 
est done d'lme epeisseur relativement Importante^ pax exen^le de I*ordre 
de 3 I 4 una* 

D' autre part« les revStements absorbant les neutrons deposes sur 
5 les faces extemes des bottlers dolvent contenir une quantity de carbure 
de bore par unlt£ de surface du boltler suff isante pour assurer une absor- 
ption efflcace des neutrons &iils par les assemblages Irradles* 

Pour obtenlr une absorption efflcace des neutrons par un revete- 
ment depose sur la surface exteme lat£rale du boltler^ 11 est n^cessalre 

10 d*avolr au molns 20 mg de bore 10 qui est l*element absorbent contenu dans 
le carbure de bore, sur un cm2 de surface, ce qui represente environ 0>146 
g de carbure de bore pour la m&ne surface* 

On connait des boltiers de stockage d* assemblages combustibles 
Irradl^s dont le revStement esctexne absorbant les neutrons est constltue 

15 par des partlcules de carburede bore flxees sur la parol a revStlr par un 
llant organlque tel qu'une reslne polymere* Pour des durees de stockage 
iiiq>ortantes en plsdne du combustible, 11 est impossible d'utlllser des 
boltiers comportant un tel revStement sur leur surface escteme car les rl- 
slnes polymferes rlsquent d'etre detrultes lors d'un sejour prolonge dans 

20 I'eau de la piscine du combustible. D'autre part, de telles r^slnes poly- 
metes enrobant le carbure de bore constituent un Isolant thezmlque entre 
I'assanblage contenu a I'interieur du boltler jdt I'eau de la piscine du 
combustible. 

On connait egalesent des boltiers pour le stockage de combtistibles 
25 irradies constitues par une enveloppe metallique revetue de particules de 
carbure debore enrobees dans un materiau metallique tel que le nickel. 

Dn tel revetement pent %tj» obtenu par projection k haute tempera- 
ture d'un melange de poudre de nickel et de carbure de bore, sur 1& surfa- 
ce exteme du boltler, i l*aide d*un cbalumeau 1 plasma* 
30 ' Cependant, pour obtenlr une denslte suff isante de materiau absor- 

bant' sur la surface du boltler, il est necessalre de d^poser des couches 
relativonent epaisses de revetement, par exemple d»une epaisseur de 3 a 
6 mn. II est en cffet necessalre d'utiliser une proportion de poudre de 
nickel dans le melange de poudre relativement importante, pour assurer une 
35 bonne adhesion du revetement sur le substrat. 

Si on utilise des epaisseurs plus faibles de revetement, aiui-ci 
ne possede plus de proprietes absorbantes suffisantes. 

On connait egalement des plaques absorbantes en acier au bore 
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mats I'epaisseur necessalre pour obtenir sua effet absorbant sufflsant est 
de I'ordre de 8 i 9 mn. 

Les bottlers connus actuellement ont done des ^paisseurs de parois 
relativement importantesy qui aug^entent sensiblement leur masse et leur 
encombrement dans les directions trans vers ales. 

Le but de 1' invention est done de proposer un boltier pour le 

stockage sous eau d* assemblages combustibles irradles a section carree 

constitu^ par une enveloppe parall^ldplpedique metal lique a section carree 

de dimensions suff isantes pour recevolr un assemblage combustible , .ouver- 

te i l*\tne au mo ins de ses deux extremlt^s et revetue exterleurement par 

une matiere absorbant les neutrons constituee par des partlcules de car- 
ft 

bure de bore enrobees dans un llant metallique constltu^ par du nickel^ ce 
boitlef devant avoir une rlgidite et une capacity d* absorption des neutrons 
suffisantes, tout en etant d'une masse et d'un encombrement transversal 
r^duits. 

Dans ce but, I'epaisseur de l^enveloppe metallique est con^>rlse 
entre l^S et 2» 5mm et l*epaisseur du revetement absorbant les neutrons 
est au plus £gale a 2 mm; la masse de carbure de bore par cai2 de surface 
du boltier etant superleure a 0,146 g sur toute la surface exteme de 
celul-cl» a 1» exception des zones voislnes des aretes. 

Afln de blen faire comprendre 1» invention, on va decrire a titre 
d*exai4>le non limltatlf, plusieurs exemples de realisation d»un bottler 
pour le stockage d' assemblages combustibles Irradles d^ la piscine du 
combustible d*un reacteur nuclealre a eau. 

Exemple 1 : On a realise une enveloppe tuhulaire en acler Inoxy- 
dable d*une longueur un peu superleure a 4 metres et d'un dlametre de 28cm, 
a partlr d»une tole d»epalsseur 2 mm. 

On a placS le long de 4 generatrices de cette enveloppe tubulaire 
disposees pour deux d* entre elles dans un premier plan passant par l*axe de 
I'epveloppe tubulaire et pour les deux autres ^ans le plan perpendlculi^lre 
au premier plan passant par l»axe de 1« enveloppe tubulaire, des caches per- 
mettant de masquer chacun une zone d'une Largeur d» environ 20 nm sur la 
surface laterale de 1* enveloppe tubulaire. 

On effectue ensuite un depot de partlcules de carbure de bore en- 
robees de nickel sur cette enveloppe tubulaire munie de ses caches en utl- 
llsant un chalumeau au plasma aMentS par des poudres enrobees. 

Pour la realisation de cette couche de revetement absorbant les 
neutrons, on utilise un chalumeau a plasma d»une puissance de 40 Ktf 
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assurant la projection d*une poudre foxxxiee de partlcules de carbure de 
bore revStues de nickel » 

On utilise du carbure de bore sous foxme d'une poudre dont les 
grains ont une taille coiq>rise entre 60 et 100 microns pour Elaboration 
d*une poudre enrobee avec laquelle on alimentera la torche a plasma. 

Pour la fabrication de la poudre enrobee, on precede au depSt 
d'une couche d' initiation de palladium sur les grains de carbure de bore 
calibres en ixmergeant la poudre dans une solution contenant quelques gram- 
mes de nitrite de sodium par litre» quelques ppm de palladium par litre 
•t quelques gouttes de moulllant. ^res inmersion, on egoutte la poudre 
puis on la s^che pendant deux beures a 110^. 

Les grains de carbure de bore presentent alors une tres fine cou- 
cbe si^erf idelle de palladium aiisorbe qui est une couche pratiquement 
monoatcmique. 

On Introduit alors cette poudre con^rtant la couche d* initiation 
dans des cubes d'enrobage fezm£s k chacune de leurs extremites par des 
toiles metalliques permettant de retenir la poudre a l»interieur du tube. 

Les tubes d'enrobage sont alors dSplaces de faqon continue dans 
un bain de nickelage chimique du type Kanigen« 

Pendant son agitation dans le bain de nickelage, la poudre de car- 
bure de bore se recouvre d'une couche de nickel qui s'epaissit au cours 
du tenps* Au cours- de differents essais, on a prolonge le traitement pour 
obtenir des grains de carbure de bore enrobes de nickel, dans lesquels la 
masse du carbure de bore par rapport au poids de nickel represente de 20 
a 50 X. 

En fin d'op^ration, les tubes d' enrobee sont rinses et la poudre 
de carbure enrobee de nickel est recuberce et Secbee a I'etuve pendant 2 
heures a 120^. 

La poudre est alors prSte pour servir a la projection dans la tor- 
: che a plasma. 

On a utilise une poudre ccn^portant en masse, un tiers de. carbure 
de bore et deux tiers de nickel, pour alimcnter la torche a plasma qui 
fonctionne dans les conditions suivantes : 

- courant d» alimentation : 700 anperes sous 30 volts 

- debit d» argon : 30 m3 par heure 

- debit de poudre : environ 2 kg par heure. 

On a realise un revetement d'une epaisseur de 1 ma sur la surface 
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latSrale externe de I*enveloppe tubulaire qui, compte tenu de la concen- 
tration du catbure de bore dans la poudrc, fournit la dcnslte voulue d'e- 
lements absorbant les neutrons par aii2 de la surface de l*enveloppe, a 
1' exception des zones masquees par les caches. 

Pendant toute 1» operation de revStement, I'enveloppe tubulaire 
est en rotation autour de son axe a vitesse constante et le chalumeau se 
dgplace dans une direction parallele h l»axe de I'enveloppe tubulaire. On 
peut figaleaent utiliser plusieurs chalumeaux se depla9ant chacun sur une 
portion^ la longueur de I'enveloppe tubulaire, pour diminuer la duree 
correspoiidantf au revetement. 

Prealablement a 1 'operation de d^pot au chalumeau au plasma, 
I'enveloppe tubulaire peut etre prechauffSe a une temperature permettant 
une meilleure adhesion des particules au moment de leur projection. 

Par report aux techniques anterieures o6 l*on utilisait un melan- 
ge de poudre de carbure de bore et de nickel, les grains de carbure de bore 
entierement revetus de nickel ne subissent aucune oxydation a haute tempe- 
rature a la sortie du chalumeau a plasma et le depot obtenu a une conq)05i- 

tion tres homogene. 

De cette fa^on, il est possible de deposer une couche homogene et 
tres adhesive d'un revetement com^ortant une tres forte proportion de car- 
bure de bore. On peut done limiter I'epaisseur du revetement a une valeur 
faible, par exemple 1 ma. 

Chacune des particules de carbure de bore enrobees de nickel de 
grande densitS est projetee sur le substrat a grande vitesse avec une gran- 
de feergie cinetique et se soude sur celui-ci au mcnnent du choc par eleva- 
tion de temperature et par effet mecanique. Le raaiollissement de la couche 
superf icielle de nickel et son echauff anent permettent en effet un accrocha- 
ge tres eff icace sur le substrat ou la couche de revetement elle-m&ae au mo- 
ment du choc. 

On s'est rendu compte ^galement qu'un depSt chimique de nickel sur 
les pa^icnles de carbure de bore conduisait a un meilleur accrochage des 
particules, lors de la formation du revetement qu'un depSt electrolytique 
de nickel , du fait du point de fusion plus bas du depSt chimique. 

Un autre avantage de 1» utilisation de grains de carbure de bore 
enrobes est qu'on peut stocker et manipuler la poudre sans craindre la se- 
paration de ses elements constitutif s . L'epaisseiir de la couche de nickel 
depos^e sur les grains de carbure de bore a une cpaisseur comprise entre 2 
et 10 microns pour 80 X des particules qui ont iti testles. On a pu s«assu- 
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xer > per -ees ccmtroles que les grains de carbure de bore sont entierement 
revetus d*une couche de nickel h 1* Issue du traitement qui a ete decrlt* 
Le proced^ de revetement qui vlent d^etre dScrlt peunet d»obte- 
nlr un revetonent extremement homogene, chacun des grains de la poudre 
amenes au chalumeau ayant pratlquesaent la con^osltlon « carbure de bore 
et en nickel du d£p8t a reallser sur le boltler. 

Apves revgtcment, I'enveloppe tubulalre est refroidle jusqu'a 
la tmperature amblante puis mlse sous la foxme d'nn paralleleplp&de a 
section carr£e de 22 cm de c$t&, par d^fozmation a £rold. 

Le pllage de l*enveloppe tubulalre pour la realisation des aretes 
du parallfileplpedc se fait suivant les g&ieratrices sltuees sous les ca- 
ches le long desqoelles on n« a pas realist de dgpSt de revStement. On 6vi- 
te alnsl I'eclatenent du revStement lors de la ©ise en forme mecanlque fi- 
nale du parall^l^plpede* 

Les dimensions et la gecanStrle precise de l»enveloppe du boitier* 
sont obtenues ^res revStencnt, si blen que les defoxmatlons eventuelles 
de I'enveloppe tubulalre au moment de son pr^chauffage et au moment du d5- 
p8t plasma n'ont aucune incidence sur la foxme et la precision dimension- 
nelle finale du boltler. 

Si le depot avait ete realise directement sur une enveloppe me- 
tallique de foxme paralUlepipedique, on n'aurait pas pu garantir I'obten- 
tion, avec une cpaisseur de parol de 2 mm, d»une gcometrie et de dimensions 
precises du boltler, a cause des defoxmations d»origine thexmique. 

Le precede decrit a done peimis d'obtenir un bcfcier a paxoi mince 
comportant une "couche absoxbante efficace mals de faible epaisseiir. 

Le fait que la zone voisine des aretes du boltler ne soit pas re- 
couverte de revetment n»a pratiquementr pas d» incidence sur la capacite 
d'absorption des neutrons de celui-ci* De toute fa^on, I'augpientation de 
I'epaisseurde la Imne d»eau rendue possible grace i la faible epaisseur 
du bditier compense largeaent cette faible diminution de la capacite d» ab- 
sorption neutronlque du boitier. 

Pour ameliorer la tenue a I'usure et a la corrosion de^ boitiers, 
on peut terminer 1« operation de depSt de revetement au chalumeau plasma, 
en alimentant le chalumeau par de la poudre de nickel, ou d'acler inoxy- 
dable de faqon a reallser une couche d'une epaisseur voisine de 200 microns 
au-dessus de la couche de revetement comportant le carbure de bore, ce qui 
^limine les asperites du revetement dues au B^iP. La couche superf icielle 
de nickel ou deader inoxydable extremement llsse et continue joue un role 
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protecteur pour la couche de revStement, 

Exemple 2 : On a rSallsg un boitler en acler tnoxydablc de forme 
parall^leplpedique, 

Le boltier qui a subi un degralssage chlmlque puis un degraissage 
5 electrolytlque est soumls k un traitement cMmique de depassivation en 
bain chlorhydrique ou f luonitrlque. On place alors le boltier dans une 
cuved' Electrolyse de grandes dimensions renq>lie d«un bain renfexxnant du 
N1C12 i raison de 250 g par litre et de l»aclde chlrhydrlque a raison de 
130 g par litre* On realise alors un traitement de depassivation electro- 
10 lytlque en deux phases sur la surface exteme du boltier. Au cours de la 
premiere phase^ ou phase anodique^ d*une duree de 15 9econdes, le boltier 
constltue I'anode et la densitS de courant dUlectrolyse est de 1 & 2 am- 
peres par dm2« 

Au. cours de la seconde phase ou phase cathodique, d'une duree de 

15 2 mn, le boltier constltue la cathode et le courant de 1« electrolyse est 
de 3 an^eres par dm2. 

On realise alors un pr^-nickelage des quatre faces du boltier, a 
l*interleur de la cuve d* electrolyse contenant un bain de travail compor- 
tant du NiS04 h raison de 280 g par litre du NiCl2 a raison de 45 g par 

20 litre, du H3B03 a raison de 45 g par litre, ainsi que quelques millilltres 
d»un mouillant« La duree de ce traitement est d*une demi-h«ire et la den- 
site de courant est de 4 amperes par dm2. On effectue ensuite, successive- 
ment sur chacune des faces extemes du boitler placee en position horizon- 
tale dans la cuve d' electrolyse, un ensemble d*op4rations visant a I'obten- 

25 tion d»un revetement absorbent, en falsant toumer le boltier d»un quart 
de tour*entre chaque depSt de poudre de carbure de bore, apres fixation 
de la dernere couche deposee. 

Ces operations comportent success ivement la constitution d'une 
coui^ reguliere de partlcules de carbure de bore B4C sur une face du boi- 

30 tleif* le depot electrolytlque de nickel a travers la couche de poudre de 

B4C jusqu'au moment ou las partlcules sont parfaitement accrochees au subs- 
trat et solidarlsees entre elles, puis le depot d»une nouvelle couche de 
partlcules de B4C suivie par le dep3t de nickel electrolytlque pour l»ac- 
crochage de ces partlcules, le ncmibre de couches successives necessaires 
35 etant determine par la quanite de carbure de bore a deposer par unite de 
surface du boitler* 

La totalite du boitler est placee dans la cuve d* electrolyse si 
bien que les couCbes de nickel croissent en meme temps sur les quatre faces 
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faces du boitiex. 

On a utilise une poudre constituee par das particules da B4C d'une di- 
mension naxJanm da 200 microns at chacune das couches de carbura da bore 
dIposSe par gravite sur les faces du boltier avait une epalsseur identique 
5 i la dimension maximum des particules, c'est k dire 200 microns. De cette 
fason, on Svite des chevauchements ind&irables des particules et I'on ame- 
liore la regularltl d'^paisseuSii'afficacltS neutronique du revetement. Le 
revStemant est done constitufi par una superposition de monocoucbes. c'est i 
dire de couches de poudre constitutes par das grains disposes c8te k c8te 
10 avac « minimum de superposition de plusleurs grains, ces monocoucbes Itant 
llSes entre elles par le dtpSt de nickel. 

On determine f adlement la quantitfi de poudre nficessaire pour la reali- 
sation d»«ne monocouche sur une surface dSteiminee et correspondant a I'aire 
de chacune des faces du boltier. 
15 Les dgpSts de nickel entre les particules de carbure de bore sont obte- 

^ en utillsant un bain d'^ectrolyse identique k celul utilise pour le 
prtnickelage et une densite de courant de 2 amp^ par dm2. Chacune des 
operations d»electrolyse successives est poursuivle pendant une demi-heure. 
Lorsque la densitS de carbure de bore depose par an2 de face du boltier 
20 est superieure a 0,146 g, on texmine I'operation de revStement par une elec- 
trolyse de 2 henres avec une densite de courant de 2 amp&res par dm2 af m 
de fixer dtfinitivement les particules de revetement et de realiser une cou- 
che continue de nickel au-dessus des couches de particules de carbure de bore 

enrobees par le nickel. 
25 Le boltier est alors sort! du bac d' electrolyse rlnce puis seche. 

Dans tons les cas, on a pu obtenir une densite de carbure de bore, c»est 
a dire une efflcadte du boltier en ce qui conceme, I 'absorption des neu- 
trons, suffisante, avec un depSt d'una gpaisseur totale inf ^rleure 1 2 mm. 
Les dlfferentes couches de particules de B4C emprisonnSes dans la matrl- 
30 ce de-^nlckel dtposees les unes au-dessus des autres sont pratlquement conti- 
nues is la mesure o& I'on effectue une repartition rtgulifere de ces parti- 
cules pour constltuer les couches successives. Dependant, 11 est possible 
d'utlliser des particules d'une taiUe inferleure, par example 60 microns 
en melange avec les particules de 200 microns. Les particules de taiUe plus 
35 falble vlennent s'intercaler entre les particules de 200 microns pour reaU- 
ser une couche continue de carbure de bore. 

La superposition de plusleurs monocoucbes permet d'eviter la presence 
de zones de revetement renfaimant une tres falble quantitS de B4C. La repar- 
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tition des particulcs est done extrjemement hooiog^e et d» autre part la 
proportion de particules de B4C par rapport a la matrlce de nickel est 
iBq>ortante, si on la cQnq)are a ce qui etait obtenu par les proc^des con- 
nus anterieurement. Cette proportion est par exemple, dans le cas qui vient 
d^etre decrit de 50 I en masse. On obtient .done faeilement par le precede 
suivant 1> invention un revStement con^ortant la quantity voulue de carbure 
de bore et done de bore 10 par cm2 de siibstrat, tout en ayant une couche 
de revetement d'une ^palsseur totale inferieure & 2 imii^ 

Exemple 3 : On realise des operations semblables a celles qui ont ete 
dicrltes a propos de l*exeiiq>le 2, sur une enyeloppe en acier inoxydable 
de feme parallelepipedique et en utilisant xm bain chimique au lieu d»un 
bain electrolytique. Les operations r^alis^es sont identiques^ i, savoir 
un prenickelage du substrat, puis un depSt gravitaire d«une premiere cou- 
che de particules de carbure de bore, puis un nickelage chimique pemet- 
tant la liaison des particules, suivi.d'un nouveau depdt d'une monocouchc 
de particules de carbure de bore qui sont ensuite ll^es entre elles par 
depot chimique d'une couche de nickel, ces operations success ives se pour- 
suivant jusqu'au moment .iLou'le -revetement comporte une quantite suffisante 
de carbure de bore par cm2. 

L*lnvention ne se limite pas. aux modes de realisation qui viennent d'etre 
4ecrits, elle en con^orte au contraire toutes les variantes. 

C'est ainsi qu»on pent realiser le revetement absorbant les neutrons 
sur le boitier par une methode dlfferente de celles qui ont ete decrites 
ci-dessus, qu'on pent realiser ce depot aussi h±ea sur le boitier ayant sa 
fonae definitive que sur une ebauche qui est ensuite mise en foxme et que 
I'enveloppe metallique pent etre constltuee par un auinre materiau mitalli- 
que que 1* acier inoxydable, par. exemple de 1* aluminium. 

L*epaisseur de I'enveloppe metallique pent etre dlfferente de 2 mn, xaais 
cependant dans le cas des boitiers pour le stockage des assemblages com- 
bustibles sous eau, 11 est xiecessaire que cette ^epalsseur soit comprise 
entre 1,5 et 2,5 mm, pour concilier a la fois Ues imperatifs concernant 
la tenue mecanique du boitier et les echanges thexmiques entre l*assanbla- 
ge combustible contenu dans le boitier et l*eau de la piscine. 

L'lnvention s* applique non seulement au stockage des assemblages combus- 
tibles pour reacteur nucleaire a eau mais elle s* applique egalement au 
transport de materiaux irradies en utilisant des boitiers suivant !• inven- 
tion comme conteneurs de transport. 
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1.. Boitier pour Ic stockage sous eau d' assemblages combustibles 
irradils a section carree constltufi par une eirveloppe parallelepipSdique 
m^tallique a section carr6e de dimensions suffisantes pour recevoir un 
assemblage combustible, ouverte a I'une au moins de ses deux extrcmit£s 
et revgtue extlrleurement par une matiere absorbent les neutrons consti- 
tute par des particules de carbure de bore enrobles dans un liant mfitalli- 
-«e constitue par du nickel, caractfirisfi par le fait ^ lUpaisseur de 
l.enveloppe mitalllque est comprise entre 1,5 et 2,5 m et que l»lpaisse«r 
du revetement absorbant les neutrons est au plus tgale i 2 «o. U «asse 
de carbure de bore par c«2 de surface du boltler ttant supfirleure k 0,146 
g sur toute la surface externa de celul-d, S l»exception des .ones voisi- 

Ties des arStes. , r 

2.- Boitier suivant la revendicatlon 1, caract4rise par le fait 
q„.une louche continue de nickel, recouvre le xevStement absorbant. 

3 - Boitier suivant I'une quelconqoe des revendications 1 et 2, 
caracterise par le fait que L^aisseur du revetement absorbant les neu- 

trons est voisine de 1 xnau 

4 - Procedfi de realisation d»«n boitier suivant I'une quelconque des 
revendications 1, 2 et 3. caracterise par le fait qu- on realise une enve- 
loppe tubulaire dW epaisseur comprise entre 1,5 et 2.5 am, 

,u.on dispose le long de quatre generatrices disposees dans deux plans 
axiaux perpendiculaires, des caches sur toute la longueur de lUnveloppe 

tubulaire, v ^ ^« 

qu.on realise «a revetement constitue par da carbure de bore enrobe pa^ du 
,^ckel sur la surface externa de Lenveloppe tubulaire, les caches empechant 
le depSt de revetement dans la voisine des ge«&atrices le long des- 
ouelles elles sont disposees , par projection k haute temperature d'une poudre 
constitute par des grains de carbure de bore B4C dont la surface exteme 
est entierement revStue d»une couche de nickel 

qu. J defoime 4 froid I'enveloppe tubulaire, aprfes revgtement, de f a^on a 
lui donner la forme d'un boitier paralieUpipedique dont les arites corres- 
,ondent aux generatrices le long desquelles les caches evitant le depot 
de revetement out ct5 disposes. 

5 - Procede suivant la revendicatlon 4, caracterise par le fait que 
la poudre est projetee sur la surface metalUque en utilisant une torche 

' ''T- procede suivant la revendicatlon 4, caracterise par le fait que 
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les grains de carbure de bore comportent une couche d» initiation en pal- 
ladium de tr^ falble ^paisseur qui est ellenngme recouverte par la cou- 
che denickel. 

7. - Proc^dg suivant la revendication 4, Qaractfirls^ par le fait que 
la couche de nickel sur les grains de carbure de bore a une ^paisseur 
comprise entre 2 et 10 microns. 

8. - Proced^ suivant la revendication 4, caract^rise par le fait que 

le carbure de bore repr&ente une proportion de 20 S 50 X en masse par rap- 
port, au nickel, 

9. - Procedg suivant la revendication 4, caracterisg par le fait que 

la couche de nickel .sur les grains de carbure de bore est obtenue par voie 
chimlque* 

10. - Procede de realisation d»un boltler suivant l»une quelconque des 
revendlcations 1, 2 e t 3, caractdrise par le fait qu»on rSaise une en- 
veloppe metallique parallfil^pipedique h partir d'une t81e, 

qu»on realise sur la surface latgrale exteme de ce boltler, un d^p8t pr^- 
alable de nickel, puis un depSt par gravltl sur cette premiere couche de 
nickel, -la surface i revgtir gtant sensiblenent horizontale, de particules 
d»une certaine granul<»ngtne en carbure de bore, de fa9on a constituer une 
couche dont l»epaisseur- correspond senslblement k la taille des particules, 
puis un depot de nickel assurant la liaison* des particules avec la premiSre 
couche de nickel et la liaison des particules entre elles, un depot d'une 
nouvelle couche de particules puis un depSt de nickel i travers cette nou- 
velle couche de particules, si la quantite de carbure de bore n»est pas suf- 
fisante pour obtenir I'efficacitc voulue du revStement absorbent les neutrons, 
puis eventuellement un nouveau depot de particules de carbure de bore et un 
nouveau .depdt de nickel, ces operations etant renouvelees un nombre de fois 
suffisant pour obtenir une quantite de carbure de 'hore superleure a 0,146g 
•»ar q?i2 de la surface laterale du boltler en falsant toumer I'enveloppe 
metal^que d'un quart de tour apres cheque operation de depot du carbure 
de l>ore suivie de la fixation de ces particules par le nickel. 

11. - Procede suivant la revendication 10, caracterise par le fit que les 
revetesnents de nickel sont obtenus par voie electrolytique, 

12. - Procede suivant la revendication 10, caracterise par le fait que les 
revetements de nickel sont obtenus par voie chimique. 
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The invention relates to a case for underwater storage of 
irradiated combustible assemblies and a method for manufacturing 
this type of case. 

In the field of nuclear reactor operation, specifically 
water nuclear reactors, it is necessary to store or transport 
radioactive materials, such as irradiated combustible assemblies 
coming from the core of the reactor, and in order to improve the 
conditions for storing or transporting these materials, it is 
necessary to have cases whose walls absorb the neutrons emitted 
by these materials. 

Specifically, it is desirable to have cases for storing 
combustible assemblies irradiated in the fuel storage bay, 
including walls made of a material that is able to absorb 
neutrons, in order to limit the radioactivity in the fuel 
storage bay and in nearby areas. 

In the case of water nuclear reactors, these casings are 
generally made up of a stainless-steel parallelepipedic jacket 
with a square cross section whose dimensions are large enough to 
accommodate a combustible assembly, and that is opened at one of 
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its ends and coated on its exterior with a neutron-absorbent 
material . 

In the fuel storage bay, these cases rest on their lower 
bases on supports shared by a set of cases^ where they are 
arranged side by side such that the combustible assemblies may 
be stored underwater, vertically, inside the fuel storage bay. 

The square-cross-section combustible assemblies used in 
nuclear reactors are very tall in comparison to their 
transversal dimensions, with the result being that the cases for 
storing the assemblies are themselves very elongated. 

It is necessary to keep sufficient space between the cases 
making up a rack or storage rack in order to ensure adequate 
thermal contact between the water of the reactor's fuel storage 
bay and the case, and in order to ensure a sufficient moderating 
effect. To make sure that a sufficient water gap exists between 
the faces of the cases, the cases must have perfectly-controlled 
dimensions and geometry. Therefore, very rigid cases are 
envisioned that are able to ensure sufficient mechanical A2 
resistance and to ensure that the gaps between the faces of the 
cases are maintained inside the storage rack. The metal jacket 
of these cases is therefore relatively thick, on the order of 3 
to 4 mm, for example. 
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Furthermore, the neutron-absorbent coatings on the outer 
faces of the cases must contain a quantity of boron carbide per 
case surface unit that is sufficient to ensure effective 
absorption of the neutrons emitted by the irradiated assemblies. 

In order to obtain effective absorption of neutrons by a 
coating placed on the lateral outer surface of the case, it is 
necessary to have at least 20 mg of boron 10, which is the 
absorbent element contained in the boron carbide, per cm2 of 
surface area, which represents roughly 0.146 g of boron carbide 
for the same surface area. 

Cases for storing irradiated combustible assemblies whose 
outer neutron-absorbent coating is composed of boron carbide 
particles attached to the wall to be coated by an organic 
binder, such as a polymer resin, are known. For long-term 
storage in the fuel storage bay, it is impossible to use cases 
including this type of coating on their outer surface because 
the polymer resins may be destroyed during an extended stay in 
the water of the fuel storage bay. Moreover, such polymer resins 
coating the boron carbide constitute a thermal insulator between 
the assembly contained inside the case and the water in the fuel 
storage bay. 

Also known are cases for storing irradiated combustibles 
that are composed of a metal jacket coated with boron carbide 
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particles that are coated with a metallic material such as 
nickel • 

This type of coating may be obtained by high-temperature 
projection of a nickel/boron carbide mixture onto the outer 
surface of the case using a plasma torch. 

However, in order to obtain a sufficient density of 
absorbent material on the surface of the case, it is necessary 
to put down relatively thick layers of coating, e,g,, a 
thickness of 3 to 6 mm. In fact, it is necessary to use a fairly 
high proportion of nickel powder in the powder mixture in order 
to ensure proper adhesion of the coating to the substrate. 

If thinner coating thicknesses are used, the coating no 
longer has adequate absorbent properties, 

Also known are absorbent boron steel plates, but the 
thickness needed to obtain an adequate absorbent effect is on 
the order of 8 to 9 mm. 

Therefore, known cases have relatively thick walls, which 
considerably increase their weight and the space they occupy in 
transversal directions . 

For this reason, the goal of the invention is to propose a 
square cross-section case for underwater storage of irradiated 
combustible assemblies composed of a metal parallelepipedic 
jacket with a square cross section whose dimensions are 
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sufficient to accommodate a combustible assembly, and that is 
open at at least one of its two ends and whose exterior is 
coated with a neutron-absorbent material composed of boron 
carbide particles coated with a metal binder made up of nickel; 
this case must have adequate rigidity and neutron-absorption 
ability while having reduced weight and transversal occupied 
space . 

To achieve this goal, the thickness of the metal jacket 
ranges from 1,5 to 2.5 mm, and the thickness of the neutron- 
absorbent coating is at most equal to 2 mm; the weight of boron 
carbide per cm2 of surface area of the case is higher than 0.146 
g over the entire outer surface of the latter, except for the 
neighboring edge zones. 

So that the invention may be more fully understood, we will 
now describe, by way of non-limiting example, several 
embodiments of a case for storing irradiated combustible 
assemblies in the fuel storage bay of a water nuclear reactor. 

Example 1 : we made a tubular jacket made of stainless 
steel, slightly more than 4 meters long, and 28 cm in diameter, 
out of a 2 mm-thick piece of sheet metal. 

Along 4 surface lines on this tubular jacket, two of which 
were situated in a first plane passing through the axis of the 
tubular jacket and the other two of which were situated in the 
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plane perpendicular to the first plane passing through the axis 
of the tubular jacket, we placed maskings that made it possible 
to conceal, for each masking, a zone roughly 20 mm wide over the 
lateral surface of the tubular jacket. 

Next, we deposited nickel-coated boron carbide particles 
onto this tubular jacket along with its maskings, using a plasma 
torch supplied with coated powders. 

In order to make this layer of neutron- absorbent coating, 
we used a 4 0-KW plasma torch that projected a powder formed of 
nickel-coated boron carbide particles. /_4 

We used boron carbide in powder form whose grain size 
ranged from 60 to 100 microns in order to develop a coated 
powder to be used with the plasma torch. 

In order to manufacture the coated powder, we deposited an 
initial layer of palladium onto the calibrated boron carbide 
grains by submerging the powder in a solution containing several 
grams of sodium nitrite per liter, several ppm of palladium per 
liter, and a few drops of wetting agent. After this immersion, 
the powder is drained and dried for two hours at 110°. 

The boron carbide grains then have a very fine surface 
layer of adsorbed palladium that is a practically monoatomic 
layer . 
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We then placed this powder, including the initial layer, 
into coating tubes closed at both ends by metal mesh, keeping 
the powder inside the tube. 

The coating tubes were then continuously displaced in a 
Kanigen-type chemical nickeling bath. 

While it is being stirred in the nickeling bath, the boron 
carbide powder is covered by a layer of nickel that becomes 
thicker over time. During various trials, we extended the 
processing in order to obtain nickel-coated boron carbide grains 
wherein the weight of boron carbide in relation to the weight of 
nickel represented 20 to 50%. 

At the end of the operation, the coating tubes were rinsed 
and the nickel-coated carbide powder was recovered and dried in 
the over for 2 hours at 120°. 

The powder was then ready to be projected in the plasma 
torch. 

We used a powder that included by weight one-third boron 
carbide and two-thirds nickel in order to supply to plasma 
torch, which operates under the following conditions: 

- power supply current: 700 amperes under 30 volts 
argon flow rate: 30 m3 per hour 

- powder flow rate: roughly 2 kg per hour. 
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We made a 1-mm- thick coating on the outer lateral surface of the 
tubular jacket that, given the concentration of boron carbide /5 
in the powder, provided the desired density of neutron-absorbent 
elements per cm2 of jacket surface area, except for the masked 
zones . 

Throughout the coating operation, the tubular jacket is 
rotating around its axis at a constant speed and the torch moves 
in a direction parallel to the axis of the tubular jacket. One 
may also use several torches, each of which moves over a portion 
of the length of the tubular jacket, in order to decrease the 
length of time needed for coating. 

Prior to the depositing operation using the plasma torch, 
the tubular jacket may be preheated to a temperature that 
enables improves adhesion of the particles when they are 
proj ected. 

In comparison to techniques of the prior art, which used a 
mixture of boron carbide and nickel powder, the grains of boron 
carbide, fully coated with nickel, do not undergo any high- 
temperature oxidation upon exiting the plasma torch and the 
obtained deposit has a very homogeneous composition. 

In this way, it is possible to deposit a homogeneous, 
highly-adhesive layer of a coating that includes a very high 



9 



proportion of boron carbide. Therefore, the thickness of the 
coating can be limited to a very low value; 1 mm, for example. 

Each of the boron carbide particles coated with high- 
density nickel is projected onto the substrate at high speed 
with great kinetic energy and is soldered onto it upon impact by 
temperature elevation and by mechanical effect. The softening of 
the surface layer of nickel and its heating enable very 
effective adhesion onto the substrate or the coating layer 
itself upon impact. 

We also noted that a chemical deposit of nickel onto the 
boron carbide particles led to adhesion of the particles during 
formation of the coating that was better than electrolytic 
deposit of nickel, due to the lower melting point of the 
chemical deposit. 

Another advantage of using coated boron carbide grains is 
that the powder can be stored and handled without any chance of 
its constitutive elements separating. The thickness of the 
nickel layer deposited onto the grains of boron carbide ranges 
from 2 to 10 microns for 80% of the particles tested. Through 
these tests, we were able to make sure that the grains of boron 
carbide were fully coated by a layer of nickel following /_6 
the processing described. 
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The coating method just described produces an extremely 
homogeneous coating, with each of the powder grains brought 
through the torch having practically the composition of boron 
carbide and nickel of the deposit to be applied to the case. 

After coating, the tubular jacket is cooled to ambient 
temperature, then put into square cross-section parallelepipedic 
shape, 22 cm per side, by cold deformation. 

Bending the tubular jacket in order to make the edges of 
the parallelepiped is performed along the surface lines located 
under the maskings, which have not been coated. This prevents 
the coating from breaking when the parallelepiped is brought 
into its final shape. 

The dimensions and specific geometry of the case's jacket 
are obtained after coating, such that any possible deformations 
of the tubular jacket during preheating and during plasma 
deposit have no effect on the shape and final dimensional 
precision of the case. 

If the deposit had been made directly onto a parallele- 
pipedic metal jacket, we could not have guaranteed the 
production, for a 2-mm wall thickness, of precise geometry and 
dimensions for the case, due to heat-related deformations. 
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Therefore, the described method yields a thin-walled case 
including an absorbent layer that is effective yet of low 
thickness . 

The fact that the area near the case's edges is not coated 
has almost no effect on the latter' s neutron-absorbent capacity. 
In any case, the increased thickness of the water gap, made 
possible by the case's low thickness, more than makes up for 
this small decrease in the case's neutron-absorbent capacity. 

In order to improve the cases' wear and corrosion 
resistance, the plasma torch coating deposit operation may be 
terminated by supplying the torch with nickel or stainless steel 
powder in order to make a layer roughly 200 microns thick on top 
of the boron carbide-containing coating layer, which eliminates 
the coating asperities caused by the B4C. The very smooth and 
continuous nickel or stainless steel surface layer plays a 
protective role for the coating layer. II 

Example 2 : We made a parallelepiped-shaped case out of 
stainless steel . 

The case, which underwent chemical scouring followed by 
electrolytic scouring, underwent chemical depassivation 
processing in a hydrochloric or fluonitric bath. The case was 
then placed inside a large electrolysis oven filled with a bath 
including NiCll2 in the amount of 250 g per liter and 



hydrochloric acid in the amount of 130 g per liter. A two-phase 
electrolytic depassivation treatment was performed on the outer 
surface of the case. During the first phase, or anodic phase, 
lasting 15 seconds, the case acts as the anode and the density 
of electrolysis current is 1 to 2 amperes per cm2 . 

During the second phase, or cathodic phase, lasting 2 min., 
the case acts as the cathode and the electrolysis current is 3 
amperes per cm2 . 

We then performed prenickeling on the four faces of the 
case, inside the electrolysis oven containing a work bath 
including NiS04 in the amount of 280 g per liter, NiC12 in the 
amount of 45 g per liter, H3B03 in the amount of 45 g per liter, 
and several milliliters of a wetting agent. The duration of this 
treatment is one-half hour and the current density is 4 amperes 
per cm2 . We then performed, in succession on each of the outer 
faces of the case, placed in a horizontal position in the 
electrolysis bath, a set of operations for producing an 
absorbent coating, by turning the case a quarter-turn between 
each boron carbide powder deposit after the last deposited layer 
is affixed. 

These operations include successively the constitution of a 
consistent layer of B4C boron carbide particles on one face of 
the case, the electrolytic deposit of nickel through the B4C 



powder layer until the particles are perfectly attached to the 
substrate and integrated, then the depositing of a new layer of 
B4C particles followed by the electrolytic depositing of nickel 
in order to set these particles. The number of successive layers 
needed was determined by the quantity of boron carbide to be 
deposited per surface unit of the case. 

The entire case is placed inside the electrolysis oven, 
such that the nickel layers increase in size at the same time on 
the four faces of the case. /8 

We used a powder made up of B4C particles with a maximum 
size of 200 microns and each of the boron carbide layers 
deposited by gravity onto the faces of the case had a thickness 
identical to the maximum size of the particles, that is, 200 
microns. In this way, undesirable overlapping of the particles 
is prevented and the coating's consistency of thickness and 
neutron-absorbing effectiveness are improved. Therefore, the 
coating is composed of a superimposition of monolayers; that is, 
layers of powder composed of grains arranged side by side with 
minimal superimposition of several grains. These monolayers are 
connected to each other by the nickel deposit. 

We easily determined the quantity of powder needed to make 
a monolayer on a given surface and corresponding to the area of 
each of the case faces. 



The deposits of nickel between the boron carbide particles 
are obtained by using an electrolysis bath identical to the one 
used for prenickeling and a current density of 2 amperes per 
cni2. Each of the successive electrolysis operations lasts for 
one-half hour. 

When the density of boron carbide deposited per cm2 of case 
face is higher than 0.146 g, the coating operation is terminated 
by a 2-hour electrolysis with a current density of 2 amperes per 
cm2 in order to permanently affix the coating particles and to 
create a consistent layer of nickel on top of the nickel-coated 
boron carbide particle layers. 

The case is then removed from the electrolysis tank, 
rinsed, and dried. 

In all cases, we were able to obtain a boron carbide 
density - that is, sufficient effectiveness of the case in 
absorbing neutrons - with a deposit whose total thickness was 
less than 2 mm. 

The various layers of B4C particles trapped inside the 
nickel matrix, deposited one atop the other, are practically 
continuous to the extent that these particles are regularly 
distributed in order to constitute the successive layers. 
However, it is possible to use particles of a smaller size, for 
example 60 microns, mixed with 200-micron particles. The 



smaller-size particles come to rest between the 200-micron 
particles, making a continuous boron carbide layer. 

The superimposition of several monolayers prevents the 
presence of coating zones with a very low quantity of B4C, The 
distribution of the particles is therefore extremely homogeneous 
and the proportion of B4C particles in relation to the nickel/9 
matrix is high if one compares it to what was obtained in 
methods of the prior art. This proportion is, for example, in 
the case just described, 50% by weight. So we easily obtain, 
using the method according to the invention, a coating that 
contains the desired quantity of boron carbide and therefore of 
boron 10 per cm2 of substrate, while having a coating layer 
whose total thickness is less than 2 mm. 

Example 3 : we performed operations analogous to those 
described under Example 2 on a parallelepiped-shaped stainless 
steel jacket and using a chemical bath instead of an 
electrolytic bath. The operations performed were identical, 
namely prenickeling of the substrate, then gravity depositing of 
an initial layer of boron carbide particles, then chemical 
nickeling enabling binding of the particles, followed by another 
depositing of a monolayer boron carbide particles that are then 
bound together by chemical depositing of a nickel layer. These 
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successive operations continue until the coating has a 
sufficient quantity of boron carbide per cm2 . 

The invention is not limited to the embodiments just 
described; rather, it includes all variations thereof. 

In this way, one may manufacture the neutron-absorbent 
coating on the case using a method that is different from those 
described above; one may perform this depositing both on a case 
in its final shape and on a blank, which is then shaped; and the 
metal jacket may be made up of a metal material other than 
stainless steel, such as aluminum. 

The thickness of the metal jacket may be different from 2 
mm; however, in the situation of cases for underwater storage of 
combustible assemblies, this thickness must range from 1.5 to 
2.5 mm, in order to meet the needs relating to the case's 
mechanical resistance and the heat exchanges between the 
combustible assembly contained inside the case and the storage 
bay water. 

The invention applies not only to the storage of 
combustible assemblies for water nuclear reactors, but also to 
the transport of irradiated materials using the cases according 
to the invention as transport containers. /lO 
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CLAIMS 



1. - Square cross-section case for underwater storage of 
irradiated combustible assemblies composed of a square cross- 
section parallelepipedic metal jacket whose dimensions are 
sufficiently large to accommodate a combustible assembly, open 
at at least one of its two ends and coated on the outside by a 
neutron-absorbent material composed of coated boron carbide 
particles inside a metal binder made up of nickel, wherein the 
thickness of the metal jacket ranges from 1.5 to 2.5 mm and 
wherein the thickness of the neutron- absorbent coating is at 
most equal to 2 mm, with the weight of the boron carbide per cm2 
of surface of the case being higher than 0.146 g over the entire 
outer surface of the latter, except for the nearby edge zones. 

2. - Case according to Claim 1, wherein a continuous layer 
of nickel covers the absorbent coating. 

3. - Case according to either of claims 1 and 2, wherein 
the thickness of the neutron-absorbent coating is roughly 1 mm, 

4. - Method for manufacturing a case according to any of 
claims 1, 2, and 3, wherein a tubular jacket of a thickness 
ranging from 1.5 to 2.5 mm is made, and that maskings are 
arranged along four surface lines in two perpendicular axial 
planes over the entire length of the tubular jacket, 
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wherein a coating composed of nickel-coated boron carbide is 
made on the outer surface of the tubular jacket, with the 
maskings preventing the coating from being deposited in the area 
near the surface lines along which they are arranged, by high- 
temperature projection of a powder composed of grains of B4C 
boron carbide, whose outer surface is completely covered by a 
layer of nickel, 

wherein the tubular jacket undergoes cold deformation, after 
being coated, in order to give it the shape of a 
parallelepipedic case whose edges correspond to the surface 
lines along which the maskings preventing the coating from being 
deposited are arranged. 

5. - Method according to Claim 4, wherein the powder is 
projected onto the metal surface by using a plasma torch. 

6. - Method according to Claim 4, wherein the grains of 
boron carbide include an initial, very thin layer of palladium, 
which is in turn covered by the nickel layer. /II 

7. - Method according to Claim 4, wherein the nickel layer 
on the boron carbide grains has a thickness ranging from 2 to 10 
microns . 

8. - Method according to Claim 4, wherein the boron carbide 
represents a proportion of 20 to 50% by weight in relation to 
nickel . 



9. - Method according to Claim 4, wherein the nickel layer 
on the boron carbide grains is obtained chemically. 

10. - Method for manufacturing a case according to any of 
claims 1, 2, and 3, wherein a parallelepipedic metal jacket is 
made of sheet metal , wherein, on the outer lateral surface of 
this case, a nickel deposit is made, then a gravity deposit is 
made onto this initial nickel layer, with the surface to be 
coated being roughly horizontal, of particles of a given granule 
size made of boron carbide, so as to make up a layer whose 
thickness corresponds roughly to the size of the particles, then 
a deposit of nickel ensuring the binding of the particles to the 
first nickel layer and the binding of the particles to each 
other, a deposit of a new layer of particles, then a deposit of 
nickel through this new layer of particles, if the quantity of 
boron carbide is not sufficient to obtain the desired 
effectiveness of the neutron-absorbent coating, then, 
optionally, a new deposit of boron carbide particles and a new 
deposit of nickel; these operations are repeated enough times to 
obtain a quantity of boron carbide greater than 0.146 g per cm2 
of the case's lateral surface, while turning the metal jacket a 
quarter-turn after each boron carbide depositing operation, 
followed by the affixing of these particles by the nickel. 
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11. - Method according to Claim 10, wherein the nickel 
coatings are obtained by electrolysis. 

12. - Method according to Claim 10, wherein the nickel 
coatings are obtained chemically. 
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